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Abstract: Differentiating species according to their relative niche breadth is a common approach in community ecology that can enhance understanding about how species relate to the environment. Although a species might exhibit a generalized ecology across its entire range, on a local scale, individuals might function as specialists. American badgers (Taxidea taxus (Schreber, 1777) ) are terrestrial carnivores that have been described most often as generalists.
We compared patterns of habitat selection by badgers at 3 scales to test the hypothesis that badgers would exhibit behaviors more closely aligned with specialists than generalists when inhabiting landscapes with black-tailed prairie dogs (Cynomys ludovicianus (Ord, 1815) ). At a course scale, badgers selected for prairie dog colonies across the landscape. At an intermediate scale, we documented significantly greater use of prairie dog colonies within the home ranges of badgers. At fine scales within colonies, badgers used areas that had relatively high densities of prairie dog burrows, where prey was presumably abundant. On multiple scales, badgers exhibited a narrow use of resources in comparison to the resources available. Our study provides additional evidence that badgers behave as specialists when burrowing rodents are highly concentrated and predictable over space and time.
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Introduction
Differentiating species according to their relative niche breadth is a common approach in community ecology that can enhance understanding about how species relate to the environment, as well as what roles they play in the ecosystem (Peers et al. 2012) . Species with narrow ecological niches are considered specialists, and species with broad ecological niches are considered generalists. Placing a species along the specialist-generalist continuum typically requires quantifying its niche breadth along a particular axis, but this is complicated by variation among resource axes and across spatial and temporal scales (Devictor et al. 2010) . Additionally, although specialization is most commonly considered a species attribute, it can be extended to any ecological level such as the individual, population, species, or even community (Bolnick et al. 2003; Devictor et al. 2010) . Regardless of how specialization is characterized, a key feature is the selective use of resources from the range of potential resources available (Colwell and Futuyma 1971; Manly et al. 1993 ).
Local specialization is characterized by consistent use of a particular resource and the absence of a correlation between use and availability of that resource (Kruuk and Parish 1981) .
Localized patterns of resource use can be influenced by several factors, including competitive interactions among individuals and species, and risk of predation (Colwell and Fuentes 1975) . A population might use a narrow range of resources because they are highly abundant or widely available, or because availability of alternative resources is limited (Lawton et al. 2012 ).
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American badgers (Taxidea taxus (Schreber, 1777)) are terrestrial carnivores in the family Mustelidae that have been described most often as generalists. Badgers are one of the few carnivores that hunt by scratch-digging (Hildebrand 1985) , and they are highly adapted and morphologically specialized to excavate the burrows of tunneling prey (Lampe 1976; Quaife 1978; Minta 1992) . Nonetheless, across their geographic range, badgers prey on a diversity of species in a wide range of habitats. Badgers use a variety of habitat types including grasslands, sagebrush-steppe, open forests, intermountain valleys, and agricultural fields (Messick and Hornocker 1981; Newhouse and Kinley 2000; Apps et al. 2002; Collins et al. 2012; Duquette et al. 2014; Kinley et al. 2014) , and consume a diversity of food items such as mammals, birds, reptiles, amphibians, fish, insects, arthropods, carrion, eggs, and vegetation (Messick and Hornocker 1981; Warner and ver Steeg 1995; Goodrich and Buskirk 1998; Sovada et al. 1999; Newhouse and Kinley 2000) . Characterization of habitat use by badgers has ranged from "prairie obligate" (Duquette et al. 2014) to "generalist, non-obligate species" (Paulson 2007) .
Within the context of diet or food habits, descriptions have ranged from "opportunistic foragers" (Lampe 1982; Sovada et al. 1999; Collins et al. 2007 ) to "strict carnivores" (Messick and Hornocker 1981) . The dissimilar characterizations of badgers likely reflects their flexible life history and that patterns of selection are likely influenced by local factors, which vary across the range of the species.
Although badgers appear to exhibit varying degrees of resource use among populations, we hypothesized that badgers would exhibit behaviors more closely aligned with specialists than generalists when food resources are concentrated and highly predictable over space and time.
We evaluated resource selection by badgers associated with prairie dog (Cynomys spp.) complexes across 3 spatial scales to test the hypothesis that badgers would behave as specialists D r a f t when foraging on black-tailed prairie dogs (Cynomys ludovicianus (Ord, 1815)). At a course scale, we predicted that badgers would use prairie dog colonies significantly more than available on the landscape. At an intermediate scale, we predicted that badgers would use prairie dog colonies significantly more than available within their home ranges. At a finer scale, we predicted that within prairie dog colonies, individual badgers would select areas that have high densities of prairie dog burrows. By examining selection across scales, we attempted to evaluate whether specialization of badgers in our study areas was influenced by the scale at which we measured habitat use. Understanding the niche breadth of badgers inhabiting prairie dog ecosystems is especially important because of potential competitive interactions with blackfooted ferrets (Mustela nigripes (Audubon and Bachman, 1851)), a prairie dog obligate that is federally endangered (U. S. Fish and Wildlife Service 2013) and subject to intraguild predation by badgers (Biggins et al. 1999 (Biggins et al. , 2006a (Biggins et al. , 2011a (Biggins et al. , 2011b .
Materials and methods

Study area
We conducted our field study from 2008 to 2010 on the Lower Brule Indian Reservation and Buffalo Gap National Grasslands, located approximately 250 km apart in central and southwestern South Dakota, USA, respectively. Both sites are considered mixed-grass prairie and have extensive populations of black-tailed prairie dogs (Schroeder 2007; Livieri et al. 2012 ;
To locate badgers for capture, we searched prairie dog colonies and adjacent non-colony habitat (< 0.3 km) that could be viewed from the colony edges at night while driving vehicles and using roof-mounted spotlights. When a badger was detected, leg-hold traps (#3 coil spring, Victor Soft Catch, Woodstream Corp., Lititz, Pennsylvania, USA) were set at the entrance of occupied burrows. Captured individuals were chemically immobilized with an intramuscular injection of ketamine hydrochloride and xylazine hydrochloride (15 mg/kg body weight and 1.5mg/kg, respectively; Goodrich and Buskirk 1998), and fitted with a harness-style radio- Buffalo Gap badgers). Therefore, we did not restrict our analyses to only the time periods when monitoring occurred simultaneously. We considered juvenile badgers independent of their parents on 1-September of the year of their birth and did not include locations of juveniles prior to this date in our analyses. We considered juveniles as adults on 1-April of the year after their birth. Badgers were infrequently located more than once per day. In our analysis, we used only D r a f t one badger location collected per day. We did not include locations of badgers collected during periods of extended inactivity associated with sub-freezing temperatures to minimize serial autocorrelation (Minta 1992 (Minta , 1993 (Koford 1958; Hoogland 1995) . Burrow openings were mapped using Trimble ® GeoXM™ GPS receivers on a subset of colonies at the Lower Brule site during July -August 2010. We imported data into ArcGIS (v. 9.3, ESRI, Redlands, California, USA) to delineate resource availability and to conduct spatial analyses.
For our fine-scale analysis, we buffered all openings to prairie dog burrows by 20-mradius circular polygons and dissolved internal boundaries to create a single outer boundary for prairie dog colonies using ArcGIS (sensu Biggins et al. 2006b ). This fine-scaled approach differs from the intermediate-and course-scale approaches because the colony boundary reflects the distribution of burrow openings available to prairie dogs and excludes spaces within the outer boundary that are > 40 m from the nearest burrow.
Spatial and statistical analyses
We evaluated selection for prairie dogs at the scales of prairie dog colonies, badger home ranges, and also within the colonies using a use-availability framework (Johnson 1980; Manly et al. 2002) . We determined habitat "available" for badgers for the coarse-scale analysis by D r a f t creating a minimum convex polygon from all badger locations at each study site using ArcGIS.
Badgers were marked in 2 disjunct areas at the Lower Brule study site; therefore, a minimum convex polygon was created for each area, and available habitat was determined by combining the total area of both polygons. To evaluate selection at the coarse scale, we compared the proportion of badger locations recorded "on" prairie dog colonies to "off" prairie dog colonies using binomial proportion Z-tests. Our analysis was a one-tailed test because our test reflected our hypothesis that badgers would use prairie dog colonies in greater proportion than their availability. If badgers used habitat in the proportion to its availability, we would expect the proportion of locations on prairie dog colonies to be similar to the proportion of prairie dog colonies within the study area. We also tested for differences between sex and age categories using Chi-square tests. Inc., Cary, North Carolina, USA). Colony and location (used or available) were treated as fixed effects. Our analyses were one-tailed tests because we hypothesized that badgers would select for areas within prairie dog colonies that have high densities of burrows at fine scales.
Results
Prairie dog colonies comprised relatively small portions of the total area used by badgers 
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At Lower Brule, radio-marked badgers (n = 10) used 11 of 11 prairie dog colonies that were located within the study area MCP that averaged 31 ha in size (range = 1 -208 ha, SD = 62 ha).
At Buffalo Gap, marked badgers (n = 12) used 8 colonies that averaged 100 ha in size (range = 2 -285 ha, SD = 120 ha). Eight colonies within the study area MCP were not used by marked badgers that averaged 23 ha in size (range = 2 -45 ha, SD = 16 ha). Densities of prairie dog burrows averaged 337.4/ha (range = 259.1 -439.2/ha, SD = 90.6/ha) on 5 prairie dog colonies at Lower Brule included in our fine-scale analyses (Table 2 ).
Badgers in our study selected for prairie dog colonies at the broadest spatial scale we examined. There was no difference in the relative use of prairie dog colonies by badgers between study sites (Lower Brule = 66.5% and Buffalo Gap = 67.7%; χ 2 = 0.131, P = 0.718), so data from both sites were combined for this component of our analyses. Badgers (n = 22) were located on prairie dog colonies during an average of 66.9% of telemetry locations (range = 0 -100%, SE = 1.6%), which was significantly more than predicted based on the proportion of prairie dog colony habitat (20%) within the available habitat (Figure 1 ; Z = 34.23, P < 0.001).
Although the proportion of locations on prairie dog colonies was significantly greater for female badgers (70.3%, SE = 2.1%) than males (62.9%, SE = 2.4%, χ 2 = 5.18, P = 0.023), selection for prairie dog colonies was evident for both sexes (female: Z = 26.99, P < 0.0001; males: Z = 21.22, P < 0.001; Figure 2A) . Similarly, the proportion of locations on prairie dog colonies was significantly greater for adult badgers (70.6%, SE = 1.8%) as compared to juveniles (57.3%, SE = 3.2%; χ 2 = 13.77, P < 0.001), but both age categories exhibited significant selection for prairie dog colonies (adults: Z = 31.34, P < 0.001; juveniles: Z = 14.42, P < 0.001; Figure 2B ).
Badgers also selected for prairie dog colonies at intermediate scales within home ranges.
We generated UDs for 15 badgers: 6 adult females, 1 juvenile female, 4 adult males, 3 juvenile D r a f t males, and 1 female that was radio-tracked as a juvenile and as an adult (separate UDs were created for each age class), for which 726 locations were recorded ( x = 45.4, range = 27 -92, SD = 20.7). Size of 95% UDs averaged 256.8 ha and ranged from 16.7 ha -1,396.5 ha (SD = 344.9 ha; Table 1 ). The proportion of the volume of 95% UDs within prairie dog colonies ( x = 51.7%, range = 23.5 -73.9%, SE = 4.2%) was significantly greater than the proportion of area of badger UDs within prairie dog colonies ( x = 37.8%, range = 11.8 -63.4%, SE = 4.2%; Z = 6.09, P < 0.001; Figures 3 and 4) . These results indicate that within home ranges, badgers used prairie dog habitat more than expected based on the amount of the home range that overlapped with prairie dog colonies. 
Discussion
In our study area, badgers selectively used prairie dog colonies on the landscape and within their home ranges, and they focused use within colonies on areas with relatively high densities of prairie dog burrows. Although American badgers have a broad functional niche D r a f t across their geographic range, in our study areas, they exhibited strong selection for a relatively narrow range of habitat resources. The strong selection for prairie dogs at multiple scales represents a behavioral pattern that is more characteristic of a habitat and dietary specialist than a generalist.
At a landscape scale, all sex and age categories of badgers selected for colonies of blacktailed prairie dogs. A similar pattern was reported for adult female badgers but not adult males inhabiting areas with colonies of white-tailed prairie dogs (C. leucurus (Merriam, 1890);
Goodrich and Buskirk 1998). The difference in selection by male badgers between the two studies might be explained by differences between the species of prairie dog and intersexual differences in the spatial organization of badgers. Colonies of white-tailed prairie dogs are less densely populated, lack distinctive boundaries, and are more patchily distributed on the landscape than colonies of black-tailed prairie dogs (Tileston and Lechleitner 1966; Menkens et al. 1987; Hoogland 1995) , thus providing a more distributed food source than black-tailed prairie dogs. Additionally, male and female badgers have different space use patterns. The spatial organization of female badgers is shaped largely by the distribution of food resources while male spatial patterns are determined primarily by the distribution of females (Messick and Hornocker 1981; Minta 1993; Goodrich and Buskirk 1998) . In landscapes with densely populated colonies of black-tailed prairie dogs, such as our study sites, prey is not only predictable but also highly concentrated, and in our study, both male and female badgers exhibited strong selection at a coarse scale for prairie dog habitat.
Badgers in our study also selectively used prairie dog colonies within their home ranges.
Goodrich and Buskirk (1998) reported 5 of 9 female badgers were located only within colonies of white-tailed prairie dogs. Although the size of the colonies in our study likely precluded a D r a f t similar pattern, prairie dog colonies were the obvious focal area for nearly all the badgers in our study ( Figure 1 ). (Biggins et al. 1993 (Biggins et al. , 2006b ). Ferrets are considered prairie dog specialists because they prey primarily on prairie dogs, use prairie dog burrows as protective cover, and do not use habitats other than prairie dog colonies (Sheets et al. 1972; Campbell et al. 1987; Biggins et al. 2006b ). Early research suggested that prairie dogs comprised approximately 90% of the diet of ferrets (Sheets et al. 1972; Campbell et al. 1987) . However, recent analyses using stable isotopes indicated prairie dogs comprised 61 -76% of the diet of ferrets (Brickner et al. 2014) , which suggests that ferrets consume a broader range of prey items than previously acknowledged.
Although our study did not include an analysis of diet, Goodrich and Buskirk (1998) reported that prairie dogs were present in 50 -57% of the stomach and fecal samples from badgers. We suggest that similarity in fine-scale patterns of habitat selection and diets of ferrets and badgers also supports the contention that badgers in our study exhibited local specialization on prairie dogs.
The strong selection for prairie dog colonies by badgers in our study contrasts the association between prairie dog colonies and swift fox (Vulpes velox (Say, 1823)), a short-grass prairie carnivore that is considered a dietary generalist (Sovada et al. 2001; Harrison 2003) .
Swift foxes often are associated with prairie dog ecosystems (Sharps and Uresk 1990; Lomolino and Smith 2003) , but Nicholson et al. (2006) reported that swift foxes used prairie dog colonies less than expected, and Sasmal et al. (2011) reported that female foxes used prairie dog colonies in proportion to their availability. If the use of prairie dog colonies by swift foxes is typical of D r a f t generalist carnivores, we would expect similar selection patterns by badgers. The contrasting use of prairie dog colonies between swift foxes and badgers, 2 species that are often considered to be generalists, lends support to our characterization that badgers behave as prairie dog specialists at our study sites.
All badgers in our study were captured on prairie dog colonies, which could have potentially biased our results. Perhaps badgers captured off of prairie dog colonies would have exhibited weaker selection of prairie dogs. We searched for badgers to capture off of prairie dog colonies but none were observed and fresh diggings were much less abundant as compared to prairie dog colonies, although taller vegetation might have limited detection. Our results might also be biased by not detecting signals from badgers that moved long distances from prairie dog colonies and/or whose signals were blocked by adjacent rugged terrain. We attempted to minimize this source of bias by using vantage points and traveling throughout our study areas when monitoring badgers. We did not limit monitoring to only prairie dog colonies.
Specialization on prairie dogs by badgers could have ecological consequences for endangered black-footed ferrets, including intraguild predation. Coexistence between the species could be facilitated by temporal or spatial avoidance of badgers by ferrets. Indeed, at our study sites, adult female badgers were avoided by ferrets, especially adult female ferrets (Grassel et al. 2015) . However, other investigators have reported that badgers are actively attracted to areas used by ferrets, and selectively excavate burrows in areas recently used by ferrets (Eads et al. 2013 ). In the absence of avoidance strategies, coexistence of ferrets and badgers at fine spatial scales would likely be facilitated, in part, by the relatively higher foraging efficiency of ferrets on prairie dogs compared to badgers (i.e., exploitative competition) and by selection of burrow systems with multiple openings, which likely lowers the risk of predation by badgers (Biggins D r a f t 2012; Eads et al. 2016) . Although ferrets are sometimes killed by badgers (Biggins et al. 1999 (Biggins et al. , 2006a (Biggins et al. , 2011a , mechanisms appear to exist that facilitate the co-occurrence of these 2 species, one an obligate specialist and the other a facultative specialist on prairie dogs.
Among carnivores, prey profitability or predictability is known to influence local resource use (Martin et al. 1995; Panzacchi et al. 2008) . For badgers, the propensity to act as generalists or specialists across their geographic range appears to be influenced by available prey. For example, Sargeant and Warner (1972) reported that use of grasslands and dense woodlots by badgers in Minnesota was associated with high densities of plains pocket gophers (Geomys bursarius (Shaw, 1800)). Similarly, the abundance and distribution of badgers was (Panzacchi et al. 2008) . For badgers, colonial ground squirrels provide concentrated food sources that are predictable over space and time, and black-tailed prairie dogs are among the largest of colonial ground squirrels and create the most spatially concentrated colonies (Hoogland 1995) .
The position of American badgers on the generalist-specialist continuum is likely a function of prey densities and scale. Badgers might be more appropriately categorized as specialists at local scales where prey concentration is high, but generalists at broader geographic scales. Furthermore, placing a species along the specialist-generalist continuum is typically within the context of a particular axis (Devictor et al. 2010) . Because prairie dogs create distinctive patches of unique habitat, the dietary and habitat axes provided by prairie dogs are intertwined. In our study, badgers could be characterized as habitat specialists because of the strong selection for prairie dog colonies. Similarly, badgers also could be considered dietary specialists because prairie dogs comprise a high proportion of the diet of badgers (Goodrich and Buskirk 1998), and badgers in our study and others (Eads et al. 2013) 81x62mm (300 x 300 DPI)
